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Fig. 4 The deformation configurations in the elastic state
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Table 1  The calculated values and ANSYS values of the end deflection under different loads

end deflection d /mm

load ¢ /(N/m)
calculated value ANSYS value
0 0 0
10.9 500.4 372.15
20.8 899.9 T11.47
30.7 1 240.6 1 045.69
40.6 1547.2 1 370.97
50.5 1 826.5 1 684.38
60.4 2 080.8 1 930.75
70.3 2 346.9 2 161.16
80.2 2 535.1 2 447.31
90.1 2 739.9 2 659.81
100 2 929.5 2 851.00
100 the relation between the end deflection and the load
calculated value ,,/
I —— ANSYS value 1
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Fig. 5 The comparison between the calculated values and the ANSYS values of the end deflection under different loads

(a) MATLAB }554 (b) ANSYS Bl
(a) The MATLAB calculated results (b) The ANSYS simulated results
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Fig. 6 The deformation configurations in the elastoplastic state
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Fig. 7 The comparison between the calculated values and the analog values of end deflection under different loads
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Table 2 The caleulated values and the ANSYS values of the end deflection under different loads

end deflection d /mm

load ¢ /(N/m) calculated value ANSYS value
0 0 0
10.15 1312 1 433.87
20.14 2 145 2 155.8
30.12 2 853.8 2 668.1
40.10 3 456.8 3163
50.08 3971.7 3 634
60.07 4411.2 4071.3
70.05 4 790.5 4 478.2
80.03 5123.2 4992.5
90.12 5416.6 5362.6
100 5 669.1 5690.2

MG 2 FIEL 7 P nl R SRR SR P T8RSt o Ak i B8 BE X T34 R 5 AN-
SYS BHULRAEA W) &, P 1 BARZEN 3.83%.
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Numerical Analysis of Geometrically Nonlinear Problems

Based on the S-R Decomposition Theorem

SONG Yan-qi, HAO Liang-jun, LI Xiang-shang
(School of Mechanics & Civil Engineering, China University of Mining and
Technology ( Beijing) , Beijing 100083, P.R.China)

Abstract: To explore the numerical solution method for geometrically nonlinear problems, the
theoretical derivation, the MATLAB programming and the finite element simulation were used
together. Based on the S-R decomposition theorem, the interpolated element-free Galerkin
method was applied to deduce the incremental variational equations through the updated co-
moving coordinate formulation, which were solved with the 4-point Gauss integration method
and the fixed point iteration method. Finally, the large deformations of exemplary elastic and e-
lastoplastic planar cantilever beams were calculated and the results agreed well with those from
the ANSYS simulation. The examples illustrate the correctness and rationality of the proposed
geometrically nonlinear mechanics theory and the present numerical calculation method. The

work provides a new basis for the solutions to geometrically nonlinear problems.

Key words: geometrically nonlinear problem; S-R decomposition theorem; updated co-moving
coordinate formulation; interpolated element-free Galerkin method
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